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Attorney Docket No. 051319/0036 

SERIAL VENTILATION DEVICE 
CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims priority from Japanese Patent Application 
No. 2002-197289 filed on July 5. 2002. 

BACKGROUND OF THE INVENTION 
FIELD OF INVENTION 
[0002] The present invention relates to an apparatus for a ventilation 
device, such as that used for exhausting heat generated inside the case of 
electronics devices or equipment to the exterior, and more particularly to a serial 
ventilation device in which two ventilators are placed longitudinally and operate at 
the same time. 

DESCRIPTION OF THE RELATED ART 
[0003] In electronic devices in which many electronic components are 
housed in a relatively small case, such as office equipment like personal computers 
and copiers, heat generated by these electronic components collects inside the case 
and there is concern that the electronic components will experience heat failure. 

[0004] Accordingly, vent holes have been created In the walls or roof of the 
cases for these electronic devices and ventilators attached to these vent holes 
exhaust the heat inside the case to the outside. As methods to force heat exhaust 
using ventilators there is the normal method, using one ventilator, and the serial 
operation and parallel operation methods, using two ventilators with good external 
shape and characteristics in combination at the same time. 

[0005] In the serial operation method, two ventilators are placed 
longitudinally facing the same direction such that their rotation shafts are positioned 
in a straight line and they operate in the same direction at the same time. This 

10075250.1 



method is designed mainly to increase static pressure P. In the parallel operation 
method, two ventilators are mounted laterally facing the same direction such that 
their rotation shafts are positioned in parallel and they operate in the same direction 
at the same time. This method is designed mainly to increase airflow Q. 

[0006] Accordingly, engineers select the serial operation method or the 
parallel operation method depending on physical conditions, such as the available 
mounting space for two ventilators, and/or required specifications such as which of 
increasing static pressure P or airflow Q has priority. However, in recent years, the 
miniaturization of electronic devices has been remarkable and the consequent need 
for improvement in the heat exhaust characteristics required for ventilation devices is 
notable. For instance, in ventilation devices using the serial operation method (i.e., 
serial ventilation devices) the effect of even a small increase in airflow Q on the 
efficiency of exhausting heat generated inside an electronics device's case is large. 
Accordingly, even for serial ventilation devices recently there have been demands for 
further increases in airflow Q without increasing the size. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, the present invention is directed to a serial ventilation 
device that increases airflow Q without increasing the size. 

[0008] The construction of the serial ventilation device of the present 
invention is characterized by a casing of almost equal external dimensions housing 
the body of the ventilators including the blades. The device has a first ventilator 
wh i ch porformo regu l ar vont i lat i on to tho roar oido of tho b l ades, and a second 
ventilator which p e rforms regu l ar vonti l at i on to tho front s i de of tho blodoo when tho 
front sido of tho blades of both vent il ators aro fac i ng tho same direction and rotating 
in tho camo dir e ct i on . Within the bounds of the first ventilator air flows from the front 
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surfaces of the blades to their rear surfaces, as the blades rotate in a 
counterclockwise direction (as viewed from the front of the first ventilator). As the 
first ventilator continues to rotate, air flows from the rear side of the first ventilator 
towards the second ventilator. Within the bounds of the second ventilator, air flows 
from the rear surfaces of the blades to their front surfaces, as the blades rotate in the 
counterclockwise direction (as viewed from the front of the second ventilator). As the 
second ventilator continues to rotate, the air is exhausted from the front side of the 
second ventilator. T he first ventilator is mounted on the air intake opening side of 
the device, with the front surface of its blades facing the air Intake side. The second 
ventilator is mounted on the air exhaust opening side of the device, with the front 
surface of its blades facing the air exhaust side. Both ventilators are placed in 
succession in a serial state, with the rotation shafts positioned on the same li ne 
coaxiallv . and the number of blades of the flrst ventilator is different from the number 
of blades of the second ventilator, 

[0009] An embodiment of the invention is characterized by external 
dimensions of the casings for each of the ventilators being formed such that they are 
perforated with assembly holes in the same location at each corner and, in each 
casing, screw holes or notches in order to mutually connect the ventilator locate in a 
position that is contiguous when the ventilators are placed in series, excluding the 
position on straight lines that link the assembly holes of the ventilators. 

[0010] An embodiment of the present invention is further characterized by 
external dimensions of the casing formed in a rectangle, and, in the area of this 
rectangle, excluding the square area within the rectangle that houses the body of the 
ventilators, screw holes or notches located In order to mutually connect the 
ventilators. 
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[0011] Yet another embodiment of the present invention is characterized 
by external dimensions of the casing formed in a square, and, in the area of this 
square, excluding the square area within the square that houses the body of the 
ventilators, screw holes or notches located in order to mutually connect the 
ventilators. 

[0004] The present invention, including its features and advantages, will 
become more apparent from the following detailed description with reference to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] Figure 1 is a side view of the serial ventilation device, accordino to 
the first embodiment of the present invention, ha l f - s e ction draw i ng showing the 
cross-section of the upper-half of athe serial ventilation device , according to a f i rst 
e mbodim e nt of th e pr e s e nt inv e ntion . 

[0006] Figure 2 is a drawing showing the serial ventilation device of Figure 
1 from the intake opening side. 

[0007] Figure 3 is a front view of the first fan motor blades and the 
peripheral area. 

[0008] Figure 4 is a front view of the second fan motor blades and the 
peripheral area. 

[0009] Figure 5 is a front view of the first fan motor with notches drilled in 
the casing instead of holes. 

[0010] Figure 6 is a graph showing the P-Q characteristics of the present 
invention along with those of a conventional ventilation device. 

[0011] Figure 7 is a drawing showing a serial ventilation device from the 
intake opening side, according to another embodiment of the present invention. 
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DETAILED DESCRIPTION 

[0012] Below, the different embodiments of the present invention are 
explained with reference to the drawings. It should be noted that each figure shows 
an embodiment in which a fan motor is used in each ventilator. It should be further 
noted that in Figure 2, the ventilator mounted on the exhaust opening side is omitted 
except for the fan motor assembly holes. 

[0013] Referring now to Figures 1 and 2, a first fan motor I (a first 
ventilator) is mounted on an air intake opening side of the ventilation device, and a 
second fan motor II (a second ventilator) is mounted on an air exhaust opening side 
of the ventilation device. The front surface of the blades of fan motor I face the air 
intake side while the front surface of the blades of fan motor II face the air exhaust 
side. Both fan motors I and II are formed with almost equal external dimensions, as 
can be seen in Figure 1 , and have almost the same configuration, with the exception 
of the difference in a ventilation side, face direction and number of the blades. For 
the sake of brevity, the common structure of the first and second fan motors are 
described below using only the elements of fan motor I. The elements of fan motor II 
that are the same as those of fan motor I are indicated by the same reference 
numbers with a prime. Explanation of these same elements is accordingly omitted. 

[0014] Fan motor I has rectangular (vertical) casing 1, wherein circular air 
vent 1a is formed in the center region of square area 31, which is positioned in the 
center region of the vertical direction of that rectangle. Assembly holes lb are 
formed in each corner to assemble fan motor I to the device case (not shown). 

[0015] In the center region of air vent la in casing 1, motor base 4 is held 
fixed by ribs 3 (in this case three ribs), that extend from the surrounding edge of the 
opening of air vent la. Tubular bearing support 5 is anchored to the center region of 
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this motor base 4. The outer races of two bearings 6 and 7 are supported at an 
interval inside bearing support 5, and motor rotation shaft 8 is inserted into and 
supported by the inner circumference of bearings 6 and 7. Retaining ring 9 is 
mounted to the end of rotation shaft 8 and prevents slipping of rotation shaft 8 as 
well as fixing the axial direction. 

[0016] Fan motor I further has an impeller 10, wherein multiple blades 10d 
are arranged at equal intervals in the direction of rotation on an outer circumference 
of impeller body 10c. which has a cylinder 10a and a boss 10b. This impeller 10 is 
coupled to the rear end of rotation shaft 8 by boss 10b, which is positioned above the 
central axis 4a of impeller body 10c and cylinder 10a, and is configured such that 
blades lOd rotate around rotation shaft 8 when rotation shaft 8 rotates. Coil spring 
11 is fitted between the inner face of bearing 7 and boss 10b, providing deflection 
force to boss 10b, and thus to impeller 10, in the direction of the rear end of rotation 
shaft 8. As shown in Figure 1 , when the ventilation device is assembled, axis 4a of 
the rotation shaft 8 coincides with axis 4a' of the rotation shaft 8'. so that shafts 8 
and 8' are coaxial to each other. 

[0017] A nearly cylindrical motor yoke 12 is inserted and mounted to the 
inner circumference of impeller 10 and cylinder 10a, and cylindrical permanent 
magnet 13 is affixed to the inner circumference of this motor yoke 12. Along with the 
motor yoke 12 and permanent magnet 13, a direct current motor (DCM) comprising 
stator coil 14 and a stator iron core 15, conducted by stator coil 14, are fixed to the 
exterior of bearing support 5. In the vicinity of stator iron core 15, a circuit board, in 
this case PC board 16, is positioned that has electronic circuits for supplying a fixed 
current to stator coil 14. The electronic circuits on PC board 16 controls the electric 
current supply to stator coil 14 in order to make the motor yoke 12 permanent 
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magnet 13 side rotate against the stator 14 iron core 15 side. Although not shown in 
the figures, lead wires that supply electric power to PC board 16 are connected to 
PC board 16. 

[0018] Referring now to figures 3 and 4, the ventilation side, face direction 
and number of the blades of fan motors I and II are described as follows. 

[0019] The ventilation blade surfaces of fan motors I and I I a r e rotate in the 
sam e counterclockwise direction , as viewed bv an observer facing the intake 
opening side of the first ventilator . The ventilation blade surfaces of fan motor II 
rotate in the counterclockwise direction, as viewed by an observer facing the exhaust 
side of the second ventilator. In other words, the front side of each ventilator is 
facing the observe rd i r e ct i on . the front side of the first ventilator facing the intake 
direction and the front side of the second ventilator facing the exhaust direction (3 . 
Moreover they are configured such that, when rotating in the same counter- 
clockwise direction a (fonfl/ard rotation), within the bounds of fan motor 1^ p e rforms 
regular ventilation is performed from the front surfaces lOf of the blades lOd t o the 
rear side surfaces lOr o f the blade s lOd fas viewed from the front of the first 
ventilator). As the first ventilator continues to rotate, air flows from the rear side of 
the first ventilator towards the second ventilator. Within the bounds of fan motor II. 
regular ventilation is performed from the rear surfaces lOr' of the blades to their front 
surfaces lOf'. as the blades rotate in the counterclockwise direction (as viewed from 
the front of the second ventilator). As the second ventilator continues to rotate, the 
air is exhausted from the front side of the second ventilator, f an motor II p e rforms 
r e gular venti l at i on to tho front s i d e of the b l ado surfaco. Accordingly, regular 
ventilation is ventilation in the direction actively intended in the design of fan motors I 
and II. It should be noted that when each motor rotates in its own counter-clockwise 
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direction, an observer, looking at the assembly of two motors from a position from 
which Figure 1 is drawn, will see the motors rotating in the opposite directions (the 
first ventilator rotating away from the observer and the second ventilator rotating 
towards the observer). (See Fig, 1). 

[0020] In addition, the number of blades 10d of fan motor I Is 
comparatively greater than the number of blades 10d' of fan motor II. In an 
embodiment shown by the drawing, the number of fan motor I blades 10d is five and 
the number of fan motor II blades 10d' is three. It is to be understood, of course, that 
while the number of blades 10d of fan motor I Is greater than the number df blades 
10d' of fan motor II, that it is acceptable to make the number of blades 10d' of fan 
motor II greater than the number of blades 1 0d of fan motor I, In this embodiment as 
well, the same effect (airflow increase) as the above embodiment is obtained. 
Further, it is also to be understood, of course, that more or less blades may be used 
depending on specifications. 

[0021] Referring again to Figures 1 and 2, and now also to Figure 5, both 
fan motors I and II are connected by screws, however. It is to be understood that it is 
acceptable to use other methods to connect them. In the case that fan motors I and 
II are connected by screws, screw holes or notches are drilled into fan motors I and 
II. As shown in Figures 1 and 2, hole 21 with a diameter larger than the screw 
portion of the self-tapping screw (not shown) used for connecting is drilled through 
the side of the fan motor I and hole 22 with a diameter slightly smaller than that 
same screw portion is drilled through the side of the fan motor II. In this 
configuration, fan motors I and II are connected by screwing the self-tapping screw 
through the fan motor I hole 21 to the fan motor II hole 22. 
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[0022] Regarding the fan motor I side, instead of hole 21, drilling a notch 
23 as shown In Figure 5 is acceptable. In this manner, work to connect fan motors I 
and II is made easier by omitting the alignment of the self-tapping screw end to hole 
21 shown in Figures 1 and 2. Although not shown, it is also acceptable to make the 
holes in fan motors I, II of equal diameter and connect fan motors I and II by inserting 
a bolt through the holes and screwing a nut onto the end of the bolt. In this example 
as well, by drilling a notch instead of a hole in the fan motor I side, work to connect 
fan motors I, II is made easier. 

[0023] Regarding the positioning of the holes 21 , 22 and notch 23 (in other 
words the screw location) any position is acceptable except for a position in a 
straight line above the fan motor assembly holes lb, lb' In casings 1,1*. In other 
words, as long as it is a position that does not impede assembly of the serial 
ventilation device of the present invention at the desired position using holes lb, lb'. 

[0024] In an embodiment wherein casings 1, 1/ are formed in a rectangular 
shape as shown in Figures 1 and 2, it is acceptable to set the screw position 
anywhere in rectangular regions 32 and 33, except for the square region 31 that 
houses the fan motor itself (roughly the structural portion of the device excepting 
casings 1, 1'). In this manner, positioning of the screw holes or notches (holes 21, 
22; notch 23) for connecting fan motors I and II is made easier. 

[0025] Referring now to Figure 6, the static pressure P and air flow Q 
characteristics of the serial ventilation device of an embodiment of the present 
invention are shown. A flag R for the same characteristics for a conventional serial 
ventilation device (conventional device) are also shown. Curve 1 shows the P-Q 
characteristics of the present invention and curve 2 shows the P-Q characteristics of 
the conventional device. Further, curve 3 shows the rotation speed-airflow 
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characteristics of the present invention and curve 4 shows the rotation speed-airflow 
characteristics of the conventional device. 

[0026] As shown in this figure, improvement (airflow increase) can be seen 
in the P-Q characteristics, particularly in the airflow P-Q characteristics, of present 
invention compared to the conventional device. 

[0027] Referring now to Figure 7, another embodiment of the serial 
ventilation device is shown. In this embodiment it is shown that it is acceptable to 
form case 1 in a square shape and set screw holes 73 for connecting fan motors I 
and II in peripheral region 72, which excludes square area 71 that houses the fan 
motor itself (like square area 31 in Figure 2). It is to be understood that "square- 
shape" includes "nearly square-shape." Also, in place of holes 73, it is acceptable to 
use notches (not shown) similar to notch 23 shown in Figure 5. Accordingly, in this 
manner screw holes 73, or similar notches, are not limited to the same positioning 
limits as shown in Figure 2. The reference numbers for the elements of the fan 
motor shown in Figure 7 that are identical to the elements of the fan motor in Figure 
2 are the same. 

[0028] It is to be understood, of course, that the serial ventilation device of 
the above embodiments can be attached to the vent holes of an electronic device 
case (not shown) and/or an office equipment case (not shown). In such use the 
device would be attached, for example, with the center right side of Figure 1 facing 
the exterior of the electronic device/ equipment case. 

[0029] In this state, if a fixed voltage of electric current is supplied to lead 
wires (not shown) in both fan motors I and II, each operate as follows. That is, 
electric current controlled by electronic circuits on PC boards 16, 16* will flow to 
stator coils 14, 14'. With this, magnetic flux will be generated from stator iron cores 

10075250.1 

10 



15, 15' and motor yokes 12, 12\ and impellers 10, 10' (blades lOd, lOd') will begin 
forward rotation around rotation shafts 8. 8' due to the mutual magnetic effect of that 
magnetic flux and the magnetic flux generated by permanent magnets 13, 13'. 

[0030] That is, first fan motor I rotates in counter clockwise direction a as 
seen from the front side of the blades ( th e i ntak e opening sid e of th e d e v i c e i.e.. from 
the view point "A" ), and will perform ventilation facing from c e nt e r left side 100 to the 
right side 100' of Figure 1 , in other words to from the rear side of the b l ad e s first 
ventilator towards the second ventilator . In addition, second fan motor II rotates in 
counter clockwise direction a as seen from the front side of the blades ( the e xhaust 
op e ning sid e of th e d e v i c e i.e.. from the view point "B" ). and will perform ventilation 
from c e nt e r left side 100 to the right side 100' of Figure 1 , in other words to the front 
side of the blades second ventilator . The serial ventilation device as a whole will 
ventilate from the c e nt e r left side 100 of Figure 1 toward the right side 100' (refer to 
arrow p). 

[0031] As a result, the air m from t he c e nt e r left side of Figure 1, in other 
words the interior of the equipment case, will be sucked in and through vent holes 
1ar4a^ and will be exhausted to the c e nt e r right side of Figure 1 through the vent 
hole 1a' , in other words outside of the case. By this kind of ventilation activity the 
interior of the case will be cooled. 

[0032] It is to be understood, of course, that while in the above 
embodiments an outer rotor-type motor was used as the motor to rotate the blades, it 
is not limited thereto, and an inner rotor-type motor can also be used. Moreover, in 
the above embodiments the use of the serial ventilation device inside the case of an 
electronic device to exhaust heat is explained, however, it is also acceptable to use 
the serial ventilation device to bring outside air into the electronic device case, etc., 
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by changing the direction of ventilation to the direction opposite that of the above 
embodiments. 

[0033] In the present invention above, a first ventilator that ventilates te 
from t he rear side of tho b l ad e s the first ventilator and a second ventilator that 
ventilates te from the front side of the b l ad e s second ventilator w hen all of the blades 
are rotated in the same counterclockwise direction (when fan motor I is viewed from 
point "A" and fan motor II is viewed from point "B") and i n wh i ch the v e ntilat i on 
surfac e s of th e blad e s ar e facing the sam e d i r e ction is described. That is, the first 
ventilator is mounted to the intake opening la side of a device with the front surface 
lOf of its blades facing the air intake side^ while the second ventilator is mounted to 
the exhaust opening lal side of the device with the front surface lOf of its blades 
facing the air exhaust side. Then, both ventilators are connected serially such that 
their rotation shafts are positioned on th e s am e s tr a ight lin e coaxiallv . Furthemriore 
the number of blades of the first ventilator is set higher or lower than the number of 
blades of the second ventilator, thus obtaining the P-Q characteristics shown, for 
example, in Figure 6. In this way, airflow increase can be realized in comparison 
with the conventional serial ventilation device without enlarging the shape or size. 

[0034] In the foregoing description, the apparatus and method of the 
present invention have been described with reference to specific examples. It is to 
be understood and expected that variations in the principles of the apparatus and 
method herein disclosed may be made by one skilled in the art and it is intended that 
such modifications, changes, and substitutions are to be included within the scope of 
the present invention as set forth in the appended claims. The specification and 
drawings are accordingly to be regarded in an illustrative rather than in a restrictive 
sense. 
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